Background. the problem of developmental obesity is growing in most countries of the world, reaching an epidemic. excessive body weight in childhood results in a greater likelihood of obesity in adulthood, as well as causing endocrine, orthopedic, cardiological and psychogenic disorders. overweight and obesity appear to be the most important causative factor. Objectives. the aim of the study was to estimate the usefulness of body composition analysis in predicting high blood pressure among children and adolescents and the correlation between the parameters of body mass and blood pressure (BP). Material and methods. children from the age of 8 to 15 with recurrent respiratory tract diseases were selected during a rehabilitation and wellness stay in crr Krus in szklarska Poreba. Body composition analysis was performed using the tanita Mc-780Ma analyzer, and blood pressure was measured with a dial gauge. the study was conducted between 2015 and 2016, creating a database of 325 results sets. Results. statistically significant correlations between systolic blood pressure, diastolic blood pressure, body weight and fat mass content were shown (p < 0.001). BMI and body fat content correlations were also statistically significant (p < 0.001). Conclusions. there is a problem of under-diagnosis of hypertension in the pediatric population. obesity and overweight are connected with abnormal BP and hypertension. the total content of fat mass correlates with abnormal BP and hypertension. Key words: hypertension, overweight, body composition, pediatrics, respiratory tract diseases. 
Background obesity -an excess accumulation of fat in the body -is invariably considered to be the most common defect in the physical development of children [1] . Despite numerous social campaigns and prevention programs aimed at combating obesity and promoting healthy lifestyles, obesity is growing in most parts of the world, reaching an epidemic [2] . according to figures published by Who in 2015, the number of children under 5 years of age with overweight and obesity amounted to 42 million. In Poland, studies in two age groups showed obesity in 2.9--3.6% of boys and 5.2-6.2% of girls aged 13-15, as well as 7.2% of girls and 8.4% of boys of preschool age. Particularly worrying is the fact that a significant proportion of obesity among young children is measured in groups up to 3 years of age [3] .
excessive body weight in childhood results in a greater likelihood of adult obesity, as well as endocrine, orthopedic, cardiological and psychogenic disorders [4] . furthermore, people with obesity and high BP are prone to develop metabolic syndromes [2] . In these patients, body composition measurement with the use of bioelectric impedance analysis (BIa) is recommended along with BMI. Body fat percentage is crucial, as it shows a positive correlation with systolic and diastolic hypertension [5] . the benefits of BIa include its decreasing costs, simplicity and a graphic presentation of results, which is easily understandable for patients.
In addition, obesity and overweight are considered as the main causes of primary hypertension (ht) in children. too high blood pressure (BP) affects about 3-3.5% of the population under the age of 18. In recent years, the epidemiology of primary ht has increased. overweight and obesity appear to be the most important causative factor. a reduction in muscle mass plays a significant role. this constitutes an obstacle to physical activity for children, which, in combination with healthy eating habits, is the most important non-pharmacological therapy for ht [2, 3] . Besides this, rehabilitation care has a positive effect on decreasing BP [6] .
We noticed a problem of insufficient recognition of hypertension among the pediatric population in our previous research [6] , and this is why we decided to undertake a more detailed analysis of this issue.
Objectives
the aim of the study was to estimate the usefulness of body composition analysis in predicting high blood pressure among children and adolescents and the correlation between BMI, weight, fat mass and BP.
Material and methods
analysis of body composition and BP measurements were part of the medical care provided during the rehabilitation and wellness stay in crr Krus in szklarska Poreba, Poland. this was organized for children from rural areas suffering from chronic respiratory tract illnesses. Body composition analysis, containing body weight, muscle mass and fat mass (fM) and body water, was performed using the tanita Mc-780Ma body weight analyzer, while BP was measured using a dial gauge with the cuffs properly adjusted to the forearm's diameter. MaP was calculated on the basis of the formula: MaP = DBP + 1/3(sBP -DBP). all the children were examined in the morning before breakfast. the results were collected in 2015 and 2016 during two camps. the database was prepared using Microsoft excel, while statistical analysis was performed using statistica software provided by statsoft Inc.
according to the data in the fourth report on the Diagnosis, evaluation and treatment of high Blood Pressure in children and adolescents, we defined normal BP (< 90 th percentile), abnormal BP (≥ 90 th and < 95 th percentile) and hypertension (≥ 95 th percentile) [7] . to define overweight and obesity, we used weight and BMI. according to percentile charts published as a result of the oLaf project, we classified children as overweight (≥ 90 th percentile) and obese (≥ 97 th percentile) [3] . the oLaf project was a scientific description of BP, body weight, BMI and body height for Polish children between the age of 7-18 [8] . using fM% results from body composition analysis, we used another classification, where children having fM greater than the 85 th percentile were considered as overweight, and those greater than the 95 th percentile as obese [9] . statistical analysis of the obtained results was done with statisitca software (statsoft Poland, version 12). normal distribution was checked with the use of the shapiro-Wilk test. the results were presented as medians with minimum and maximum values (range). the correlation between parameters was assessed with the spearman's rank correlation coefficient. the statistical significance of differences between groups was assessed with the non-parametric Mann-Whitney u test. In all evaluated cases, statistically significant p-values were accepted at less than 0.05.
Results
the characteristics of the analyzed group are presented in table 1 .
the weight and BMI percentiles in the examined group of children are higher in comparison with the percentile values for the nationwide population (shifts in the right distribution curve toward higher values). Percentile growth, in turn, is lower than that for the national population (figure 1, 2). People with overweight or obesity (assessed by body weight, BMI and %fM) had statistically significantly higher abnormal high BP and ht (> 90 th percentile) compared to the normal weight group (chi-square test; p < 0.0001) (table 2). In addition, children with excessive %fM and abnormally high BMI values had statistically significantly higher systolic, diastolic and mean BP ( figure 3-5) .
there was no significant difference in sBP, DBP, MaP, body weight, BMI, %fM and muscle mass in asthmatic children compared to non-asthmatic children (p > 0.05). similarly, there were no differences in the parameters analyzed, depending on the use of the following drugs: inhaled glucocortycoides (iGcs), β-mimetics (MDI), anti-histamines. results have shown a similar accuracy of these parameters to identify individuals at risk for ht development. Perhaps the determination of %fM would be useful in patients with well-developed muscle tissue, which may increase BMI. however, this study wasn't able to prove this statement, most likely because the analyzed group didn't contain children with extraordinary developed muscle tissue.
the higher values of BMI and body weight and the lower growth of the analyzed group of children against the background of the nationwide population may be due to the origin of the respondents from the countryside. according to us research, obesity among adults is more common in rural settings [12] . It has also been observed that children from rural areas were more likely to eat highly processed food and perform less physical activity [13] . studies showing that children from cities are both taller and heavier than their peers in rural areas come mostly from developing countries [14] . taking into consideration the fact that Poland is already classified as a highly-developed country, it is necessary to ask whether the lower growth of children from rural areas can also correspond to poor or inadequate nutrition. It should also be considered that the low growth in our population may be affected by chronic diseases such as bronchial asthma.
BMI expressed in the form of percentiles is widely used in the pediatric population. the main disadvantage of using BMI is the inability to evaluate body fat mass. this may lead to the qualification of a child with a high body mass but with low body fat as an overweight or obese child. Bioelectric impedance analysis is a safe and non-invasive method to determine the percentage of body fat content [15] . using the differences in tissue resistance to current conductivity, fat-free mass and fat mass are determined [16] . With this method, we can distinguish many variables that may interfere with the measurement results. one of them is the state of hydration of the patient. Dehydration can increase overall tissue resistance and, consequently, affect the overestimation of fM in the patient [17] . another variable is the level of filling of the stomach during the test. after eating a meal, the measured fM may seem lower than it actually is, and this state can last 2 to 4 hours [18] . Intensive physical exercise prior to the test may also affect fat-free mass and fat mass by overstating the first value and lowering the second [19] . some children, while taking part in our study, were subject to chronic pharmacotherapy. Most of them made use of chronic bronchial asthma therapy (iGcs, MDIs and Montelucast) and chronic treatment for allergic rhinitis (antihistamine drugs). We saw no actual difference in growth between children treated in the iGcs and healthy children; however, the latest studies have there was no correlation between the number of diagnoses and the sBP, DBP, MaP, body mass, growth, BMI and their percentiles, as well as %fM, muscle tissue and body water content (p > 0.05). Likewise, there were no differences in sBP, DBP, MaP, body weight, height, BMI, %fM, muscle tissue and body water content in children with asthma, recurrent infections, atopic dermatitis or allergic rhinitis (Mann-Whitney u test, p > 0.05).
statistically significant correlations between sBP and DBP were observed. Body weight, BMI and %fM were also statistically significant. a statistically significant negative correlation was found between muscle tissue content and muscle mass and %fM, regardless of gender. Body weight correlated negatively with muscle tissue, irrespective of gender (spearman's rank correlation coefficient, p < 0.001) (table 3).
Discussion
our study shows that insufficient recognition of ht in the pediatric population is a widespread problem. It is worth emphasizing that each participant was referred to the camp by a pediatrician, but no one was previously diagnosed with ht. Despite the recommendation to perform a BP measurement at every visit to the doctor, this test item seems to be overlooked. another factor reducing the recognition of ht is the lack of constant BP values for the entire population of development age. the need to use percentile meshes may favor an incorrect assessment of the measurement result [10] .
the effect of obesity on the increased incidence of ht among children and adolescents has been confirmed in numerous studies. obese children show an increased resting heart rate and increased vascular resistance compared to their peers without obesity. In addition, the endocrine function of the adipose tissue, which promotes sympathetic stimulation and the renin-angiotensin-aldosterone system, enhances the retention of sodium and water [11] .
the data obtained does not allow one to identify the type of ht in the subjects studied. however, a significant proportion of obese children in the ht group and no prior diagnosis of secondary ht results in the fact that the majority suffer from primary ht. It should be stressed, however, that each of the subjects with abnormal BP needs diagnostics that exclude the secondary causes of ht, since only then is it possible to identify some of its primary character.
Given the aforementioned role of adipose tissue in ht pathophysiology, it could be assumed that an excessive amount of fat mass would have a significant advantage over BMI in terms of a positive correlation with BP. however, the obtained shown their adverse effect on growth and bone development [20] . all asthmatics met the criteria for well-controlled asthma, using a maximum of 2 degrees of treatment according to GIna 2016, which means they were taking iGcs in small doses. MDIs are a group of drugs with potential side effects, such as tremors, headaches and sleeplessness [21] . antihistamines may also affect cardiovascular functioning, as well as weight gain due to increased appetite [22] . however, the obtained results did not show this impact.
Limitations of the study the largest limitation of our research was that %fM does not include the distribution of adipose tissue and its excessive deposition in the central part of the body (visceral obesity), which has a more significant effect on BP [23] . the device we used wasn't designed to estimate the visceral fat level in pediatric patients. therefore, we decided to compare %fM effectivity in diagnosing obesity with BMI rather than the waist-hip ratio index, which is more appropriate for distinguishing visceral obesity. It is worth emphasizing that the obesity cut-off values proposed by the device software were estimated in reference to the caucasian pediatric population and were done in england [9] , and these may not be perfectly accurate for the Polish population.
Conclusions
there is a problem of under-diagnosis of ht in the pediatric population. obesity and overweight are risk factors for abnormal BP. the strong correlation between excess fM and high BP makes BIa useful in patient selection in terms of the risk of diseases associated with obesity. relating to these findings, body composition analyzers can be recommended as a non-invasive and reliable tool in a family practitioner's office. source of funding: this work was funded by the authors' resources. conflict of interest: the authors declare no conflict of interests.
